INTRODUCTION {#sec1-1}
============

Metabolic syndrome (MS) is a clustering of cardiovascular risk factors represented by high blood pressure, overweight/obesity, hypertriglyceridemia, low high-density lipoprotein-cholesterol (HDL-C), and glucose intolerance.[@ref1]

The diagnosis of MS in adults, and recently in children and adolescents, is established when three or more of the five individual elements exist together in the same subject.\[[@ref1][@ref2]\]

MS comprises a major risk for chronic diseases and in association with rising childhood obesity, and a sedentary lifestyle, is rapidly increasing in prevalence.[@ref3] It is reported that up to 47.2% of the Iranian population had sedentary lifestyle.[@ref4] It is estimated that 21.9% of Iranian adults living in central Iran have MS.[@ref5]

Coronary heart disease is the leading cause of death in industrialised countries and is rapidly becoming a primary cause of death worldwide.[@ref6] In adults, MS is associated with a significantly elevated risk of coronary heart disease.[@ref7]

Physical activity helps to promote a healthful body composition, maintain muscle mass and thus preserve the resting metabolic rate.[@ref8][@ref9]

Physical activity and fitness are associated with a lower incidence of morbidity and mortality from a number of chronic diseases, including cardiovascular diseases (CVDs), diabetes and obesity.[@ref10][@ref11]

There is a substantial body of evidence associating physical inactivity or low cardio respiratory fitness with the development of MS in adults.[@ref12][@ref13] In contrast, physical activity has favourable effects on all components of the MS and on the resulting cardiovascular risk.[@ref14]

Walking is the most common physical activity among adults,[@ref6][@ref15] and an accessible form of moderate physical activity particularly relevant for the obese, which are less likely to perform vigorous physical activity.

The quantity and the frequency of physical activity necessary to produce beneficial effects has not been defined as yet, but brisk walking is considered particularly appropriate, as it can be practiced by a large number of individuals, without any additional cost, and has a low rate of injury.[@ref16] In one study on hypertensive patients, walking and running produce similar reductions in mortality.[@ref17]

In this study, walking with intensity, which is usual in daily activity, was evaluated in relation to MS in a sample of Iranian population. The programme began in 2000-2001 and its third phase was done in 2007.[@ref18][@ref19] It is a quasi-experimental trial that includes a reference area and several levels of evaluation including process, impact and outcome evaluations. IHHP involves individual, community and environmental changes to support health behaviour modification.[@ref20][@ref21]

MATERIALS AND METHODS {#sec1-2}
=====================

This was a cross-sectional study of the Isfahan Healthy Heart Program (IHHP).

IHHP is a comprehensive integrated community based programme for CVD prevention and control among adults via reducing CVD risk factors and improvement of cardiovascular healthy behaviours.

The IHHP evaluation included four annual independent sample surveys in four specific sub-groups (adults, adolescents, health professionals and individuals at high risk for non-communicable disease) in both intervention and reference areas. In each community, a random sample of adults was selected yearly by multi-stage cluster sampling.

MS was defined as subjects who had three or more of the following criteria as defined by the National Cholesterol Education Program:[@ref1] (1) Central obesity as the waist circumference (WC) \>102 cm in men and \>88 cm in women; (2) Fasting plasma triglycerides ≥150 mg/dl; (3) low HDL-C with fasting HDL-C \<40 mg/dl in men and \<50 mg/dl in women; (4) hypertension with systolic blood pressure ≥130 mmHg and/or diastolic blood pressure 85 mmHg and/or anti-hypertensive agents and (5) hyperglycaemia with fasting plasma glucose ≥100 mg/dl and/or hypoglycaemic medications.

A total of 2196 persons who had no components of MS were considered as the reference group.

The data were collected using validated questionnaires.[@ref6][@ref15][@ref16][@ref18][@ref19][@ref20] Physical activity was assessed by Baecke questionnaire. Walking time was estimated by participants. Walking time is composed of two components, leisure walking time and transfer walking time; in this study, the sum of these two components was considered as walking time. The weight measured by a Seca scale, and WC was measured at the part of the trunk located midway between the lower costal margin (bottom of the lower rib) and the iliac crest (top of the pelvic bone). Body mass index (BMI) was calculated as weight/height^2^ (kg/m^2^). Blood pressure was measured twice on the right arm, in sitting position and after 15 minutes rest. The mean of two recordings was recorded. The first and fifth Korokov\'s sounds were considered as systolic and diastolic blood pressure, respectively. To measure blood sugar and lipid profile (cholesterol, triglyceride, HDL and low-density lipoprotein (LDL)), approximately 10 ml of blood sample was taken from participants after an overnight fast.

Statistical analysis {#sec2-1}
--------------------

The demographic and baseline data of two groups were compared by chi-square and *t*-test. Walking time was divided in to the 4 quartiles. The prevalence for each component of MS was calculated by chi-square and analysis of variance (ANOVA) tests were used to compare the means. The relations between walking-duration quartiles and MS were analysed by logistic regression test. To test for linear trend and determine P-value for trend across quartile of walking, we assigned the median walking time to individual\'s variable as continuous variable in logistic regression for \>=3 component vs. 0 component. The results are adjusted by age, sex, socioeconomic status (SES), life style and food items (fat and oil, sweet and sweet drink, rice and bread, fried food). The effect of BMI is also adjusted in the last model.

RESULTS {#sec1-3}
=======

The study population was 4151 persons with a mean age of 40.21 ± 16.26 years (49.4% female and 50.6% male). The basic characteristics of participants are shown in \[[Table 1](#T1){ref-type="table"}\]. MS is more prevalent in women than in men (62.7% vs. 31.9%) (*P* \< 0.001). It is also more prevalent in people who are in lower economic status (65% vs. 27.5%) (*P* \< 0.001). MS prevalence is higher in persons with higher stress score and in people who had lower daily physical activity (*P* \< 0.001).
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Basic characteristics of the study population
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In \[[Table 2](#T2){ref-type="table"}\], mean and prevalence of MS components, among quartile of walking time are shown. WC, fasting blood glucose, LDL and total cholesterol all are negatively associated with increasing walking time (*P* \< 0.001). The results of logistic regression test for relation between MS and walking duration are shown in \[[Table 3](#T3){ref-type="table"}\].
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Mean and prevalence of the components of metabolic syndrome in study participants among quartile of walking time
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###### 

Crude and adjusted odds ratios (95% CI) for metabolic syndrome vs. no elevated component of MS among quartiles of walking time
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In all models, the odds ratio of MS decreases with increasing walking time (*P* \< 0.05).

In Model 1, 'logistic regression without adjustment' the odds ratio for existing MS in persons with usual walking time between 60 and 300 minutes/day is 0.71, which means that this level of daily walking time decreases the probability of occurrence of MS by about 29%. In model 6, 'adjusting for age, sex, SES, life style, food items and BMI' the odd ratio changes only 1%, this means that these factors had a trivial effect on the relation between daily walking time and MS.

DISCUSSION {#sec1-4}
==========

Regular physical activity is an important protective factor against several diseases, such as obesity, hypertension, type II diabetes[@ref3][@ref18] and MS.[@ref19] In a cross-sectional school-based study on 417 adolescents (243 girls) aged 15-18 years from the Azorean Islands, Portugal, daily step counts and physical activity levels were negatively associated with having one or more metabolic risk factors.[@ref22] In another study on 456 adolescents in Brazil, the inactive adolescents and the adolescents with low cardio respiratory fitness had higher prevalence of MS; there was no difference with respect to gender.[@ref23]

In the Woolf study on 207 adult women (20-70 years), significant inverse correlations were found between activity (steps per day) and BMI, insulin level, CRP concentration, leptin level, WC and body fat, glucose levels, CRP concentration, WC and body fat.[@ref24]

In our study, lower physical activity was associated with higher prevalence of MS (*P* \< 0.001).

In the Woolf study, with increasing age (from 30 to70 years) in women, the incidence of MS components increases. The relation between physical activity and MS components is also more prominent in younger women.[@ref24]

Kim *et al.*, from Japan, reported that the risk for MS among physically inactive men was significantly higher than that for physically active men after adjustment for age, sedentary time, low intensity activity, smoking, calorie intake and BMI. In contrast, the risk for MS in women was not significantly different between physically active and physically inactive women after adjustment for age, sedentary time, low intensity activity, smoking, calorie intake, BMI and menopausal status.[@ref25] In our study, the age and sex had a small effect (\>4%) on risk of having MS for patients with low physical activity.

Regarding the mentioned studies, the age and sex in different region of world may have different impact on relation between physical activity and MS. This may be related to daily level of physical activity, daily calorie intake, daily stresses and other measures of life style. In our study, it was a negative association between MS and self-reported walking time in adults aged 19-55 years, regarding high prevalence of sedentary life in the Iranian population (47.2%),[@ref4] replacing daily activity with activity that increase the usual daily walking time would decrease the incidence of MS in this population.

The main limitation of our study was estimation of walking time by participants, hence this variable depends on patient cooperation. Also this study was cross-sectional and these kinds of studies are weak for evaluation of relations between variables.

CONCLUSION {#sec1-5}
==========

In individual adults aged 19-55 years, daily estimated walking time is negatively associated with MS. This indicates that a mild physical activity such as regular daily walking is an effective way of preventing metabolic syndrome in the adult population.
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